INTRODUCTION

35
Understanding how terrestrial ecosystems will respond to ongoing shifts in climatic variables, such as 36 temperature and precipitation, will improve our ability to manage communities and mitigate impacts of 37 climatic change. The mean global temperature is currently on track to meet or exceed that predicted by 38 the most extreme forecasting models (Brown and Caldeira, 2017) . Climatic change is also pushing local 39 conditions outside the boundaries of historic ranges, potentially leading to combinations of species or entire 40 ecosystems that have no contemporary analogs that are challenging to predict accurately (Burrows et al., Manuscript to be reviewed 2014). Also, as climate driven impacts on evolutionary responses are likely to occur over contemporary 42 time-scales, there is a need for a comprehensive study of the genetic basis of species' climate responses 43 to understand and potentially predict the responses of ecosystems to climate change (Parmesan, 2006;  44 Diamond and Chick, 2018) .
45
The biodiversity of most terrestrial systems is great enough to be intractable to study in its entirety.
46
To deal with this, researchers often study 'indicator' species whose responses to environmental change 47 are broadly representative of a much wider range of taxa (Siddig et al., 2016) . Ants (Formicidae) are 48 widely used as indicator taxa (Agosti et al., 2000) because they play key roles in community dynamics 49 and ecosystem processes, including key interactions, such as seed dispersal and the movement of soil via 50 colony construction (Del Toro et al., 2012) . Ants are also responsive to changes in temperature and other 51 climatic variables via individual responses, changes in social structure and commnity assembly (Spicer 52 et al., 2017; Diamond et al., 2017; Diamond and Chick, 2018) . Seed dispersers in particular are likely to 53 to respond to climate change, as there is evidence demonstrating that climate change may have strong 54 negative impacts on female individuals of dioecious plant species (Hultine et al., 2016) . This is leading to 55 decreased abundance of female individuals and reductions in seed production with potentially cascading 56 impacts on associates, including seed dispersers such as myrmecochorus ants.
57
In eastern North America and temperate Asia, species of the genus Aphaenogaster are abundant 58 understory ants that play key roles in the dispersal of seeds. Previous studies have shown Aphaenogaster 59 species respond to climatic change, and the response of these species to climatic change appears to depend 60 both on the species being studied and on the geographic region in which climatic change occurs. Warren 61 and Chick (2013) found that shifts in the distribution of two Aphaenogaster species, A. rudis and A. picea,
62
were determined by minimum temperatures. Diamond et al. (2016) reported that the rate of colonization 63 and occupancy of nests by Aphaenogaster species in a five-year experimental warming study (Pelini et al., 64 2014) declined with temperature in the warm, southern study site (Duke Forest, NC, USA) but not in the 65 cooler, northern study site (Harvard Forest, MA, USA).
66
In addition to ants serving as indicators of ecological impacts of climatic change, ant genetics may 67 provide insights into the potential responses of ant assemblages. One study has found that ant colony 68 development is experiencing climate related selection pressure (Penick et al., 2017) and previous work 69 has demonstrated that phylogenetics is a factor determining the response of ant species to climatic change 70 (Diamond et al., 2012) . A comparative study of the southern, more warm-adapted, A. carolinensis Manuscript to be reviewed transitions of terrestrial plant communities and the diversification of ant lineages. Moreau (2006) showed that the evolution of Aphaenogaster was coincident with the shift from gymnosperm to angiosperm 76 dominated forests in the early to middle Paleogene.
77
Although these and other studies (see Nygaard and Wurm (2015) ) support the perspective that a more 78 complete knowledge of ant genetics will increase our understanding of ant responses to environmental 79 change (Boomsma et al., 2017) , at present relatively few ant species have been sequenced -20 in total, 80 of which 19 are currently available in the NCBI Genome Database (accessed April 1 2018, see Table 1 ).
81
Of these, most are from tropical and subtropical assemblages, and all but five represent unique genera (the 82 exceptions being two species of Atta and three of Trachymyrmex (Fig 1) . No species of Aphaenogaster 83 have yet been sequenced. P a n a m a U S A M e x ic o B r a z il I n d ia J a p a n P e r u R u s s ia
Frequency
Figure 1. Number of whole-genome sequences available in NCBI by country (accessed April 2018).
To increase the number of genomes of temperate-zone ant species for other genetic studies (e.g. field sites in eastern North America (Fig 2) . Ants were identified to species and specimens from these We sampled seven colonies representing six species of Aphaenogaster from across eastern North America (see Table 2 ). All photos by April Noble (available from http://www.antweb.org).
DNA was then extracted from each colony using methods developed previously for genomic sequenc- good coverage, with an average of 70% of fragments mapped (Table 3) . Across all species, the length 125 of the shortest contig at 50% of the genome (i.e. N50) was 18,864 bases; average assembly GC content Manuscript to be reviewed costs (Ondov et al., 2016) . These sets were then used to estimate the Jaccard similarity coefficient (the 141 ratio of shared k-mers to total k-mers) of subsampled k-mer pairs of genomes. This unbiased estimate of 142 the Jaccard similarity (J) was then used to calculate the dissimilarity of the two genomes (D) as D = 1 − J.
143
All Jaccard similarity estimates had p-values less than 10 −14 , which is below the recommended 10 −3 Table 3 ).
probability of observing values of J due to chance.
145
Using the MASH genomic distances, we observed patterns of genomic similarity in-line with expecta-
146
tions from established ant phylogenetics. Sequences formed groups that corresponded with subfamily 147 (Fig 4) . Aphaenogaster clustered with other genera from the Myrmicinae and, in general, subfamily 148 level clustering tended to follow previously observed patterns of subfamily relatedness (Bolton, 2006; 149 Moreau, 2006; Ward, 2014) . The Aphaenogaster sequences formed a single cluster containing only
150
Aphaenogaster species and displayed intra-generic levels of genomic variance comparable to other genera
151
(e.g., Trachymyrmex spp.). The separation of the two A. rudis species was initially surprising, as these two Manuscript to be reviewed
One study of the evolution of the subfamily Myrmicinae observed that the genus as a whole could be split 156 into at least four different lineages (Ward et al., 2015) . Another, more detailed study of the genus in North Ponerinae (dark blue), Formicinae (green), Pseudomyrmecinae (pink), Dolichoderinae (red), Dorylinae (yellow), Myrmicinae (light blue).
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PeerJ reviewing PDF | and summer precipitation, represented the majority of climate variation (Fig 5) . Based on this, we only 178 included these variables, along with latitude and longitude coordinates, as factors in the PerMANOVAs. 
185
We found significant global, biogeographic patterns of ant species genomes. Across all whole-genome 186 ant sequences (both the NCBI and the newly sequenced Aphaenogaster species), ants from climatically 187 similar locations tended to have similar genomes (Fig 6) . We also observed that collection location climate 188 similarity was significantly correlated with genome size similarity (Mantel r = 0.19, p-value = 0.021) and 189 whole genome similarity (MASH distance) (Mantel r = 0.3248169, p-value = 0.001).
190
Both space and climate were important factors determining the size and genomic similarity of 191 the ant genomes. Longitude but not latitude was a significant predictor of genome size (Table 5) .
192
Temperature of the coldest (Tmin) and hottest (Tmax) month and total annual precipitation (PA), were 
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We have produced seven draft whole-genome sequences of six species of ants in the genus Aphaenogaster.
213
These are the first whole-genomes from a previously un-sequenced genus, adding to the sequences of 214 the diverse "formicoid" clade, which contains 90% of all extant ant species (Ward, 2014 (Warren and Chick, 2013; Stanton-Geddes et al., 2016; Diamond et al., 223 2016; Nguyen et al., 2017; Helms Cahan et al., 2017; Diamond et al., 2017; Penick et al., 2017) . We , 1997; Petrov, 2001; Alfsnes et al., 2017) .
233
It is important to consider that these biogeographic patterns could be a function of other factors 234 not examined in this study. We examined the role of both space and climate; however, given the small 235 sample size of ant genomes we did not statistically control for phylogeny. The genomic patterns we 236 observed are likely to be a function of both phylogeny and ecological variation, as previous research 237 has observed significant climate variation in insect genomes even after controlling for phylogenetic 238 relatedness (Alfsnes et al., 2017) . However, future work should disentangle the partial correlations of Manuscript to be reviewed cold temperatures. We observed patterns corroborating this in our analysis in the correlation between temperature variables and the clustering of similar genomes of ant species from the tribe Attini (see Fig 6) .
246
Further work investigating the variation in genomic content and mapping of target coding regions of ant assemblages to climatic gradients (Warren and Chick, 2013; Diamond et al., 2016 Diamond et al., , 2017 could 252 provide useful insights into the response of these important organisms to non-analog ecosystem states and 253 idiosyncratic community responses (Bewick et al., 2014) . Also, as species distribution models have been 254 significantly improved by the inclusion of genetic information (Ikeda et al., 2016) , an ecological genetics 255 approach that couples ant genomic and ecologically relevant data will likely provide a useful window into 256 the response of a range of terrestrial ecosystems to climatic change.
257
CONCLUSION
258
The addition of the Aphaenogaster sequences have increased the breadth of global ant genomic sampling.
259
The total number of ant sequences analyzed here is still a relatively small sample (n = 26) of the estimated 260 >16,000 ant species and subspecies (www.antweb.org, accessed 16 April 2018). As the addition of the
261
Aphaenogaster sequences had a marked impact on the statistical results of the climate analysis, we expect 262 that further sequencing work will continue to shift our perspective of the ecological genomics of ants.
263
Although our analysis did include some statistical control of spatial-autocorrelation, these results are still 264 correlative and do not eliminate other important factors that might covary with climate, such as phylogeny.
265
Additional analytical and experimental work will be necessary to parse out a clearer understanding of the 266 mechanisms behind these patterns. New sequencing work has been initiated by The Global Ant Genomics
267
Alliance (Boomsma et al., 2017) , which aims to greatly increase the number of ant species sequenced 268 from across the world. These efforts will enhance our ability to resolve a clearer picture of the future 
